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Abstract 
In this study, occupational accident cases in Japan were analyzed to better characterize accidents due to the use of stepladders. 
The analysis investigated 34,195 occupational accidents that resulted in at least a four-day absence from work in 2006 (25.5% of 
total occupational accidents), based on casualty reports from the Japanese Ministry of Health, Labour and Welfare. The instances 
were classified by industry type, accident type, number of absent days, victim’s age, gender, employment period, injury/disease 
type, and injured body part. The results of the analysis revealed that there were 992 accidents (six were fatal) due to stepladders 
in 2006, representing 2.9% of all accidents that year. The total number of estimated accidents that year was 3,896 (24 were fatal). 
The results also indicated that individuals who fell from stepladders most frequently suffered from fractures (68.6%) or 
contusions (16.2%) and that 64.9% of all victims took more than a month’s leave of absence. The most common injured parts 
were the lower limbs (34.7%) and the upper limbs (21.4%). For 18.4% victims, the length of employment with the company they 
were working for at the time of the accident was one year or less. Most of the accidents occurred while standing on the stepladder 
(70.4%), whereas 19.4% and 7.9% of the accidents occurred during descending and ascending, respectively. Moreover, out of all 
the stepladder accidents in 2006, 45.4% occurred in the construction industry, 15.5% in the manufacturing industry, and 12.3% in 
the commercial industry. The occurrence rate of stepladder accidents in different industries were 7.9% in construction, 4.4% in 
cleaning, and 3.8% in agriculture and forestry, which were higher than the mean rate (2.9%). This result demonstrates that further 
research is needed to investigate the working methods with stepladders and their risk evaluation. 
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Fig. 1. Parts of twin stepladders. 
1. Background 
A stepladder is a tool for moving to or working at an elevated place and is used at various locations because of its 
usefulness [1,2]. The stepladder stands on its own and consists of parts such as a top, rails, steps, spreader locks, and 
anti-slip parts [3]. Twin stepladders, shown in Fig. 1, are widely used lightweight stepladders, and they are often 
made of aluminum alloys for easy transportation. 
In recent times, however, occupational accidents caused by the use of stepladders (stepladder accidents) have 
occurred frequently in Japan. In 2007, the manufacturing industry witnessed 424 stepladder accidents, making up 
1.5% of the total accidents in this industry. In 2008, there were 274 accidents involving stepladders, stands, and 
stools in the construction industry, 1.6% of the accidents in the construction industry in the year. Since stepladders 
are used in many industries besides manufacturing and construction industries [4], the same type of accidents may 
have occurred in these industries too. Moreover, a stepladder is often used for works at heights less than 2 m; for 
works at heights beyond 2 m, Labor Safety and Health Regulations Article 518 is applicable. Thus, protective 
equipment is not mandatory for works carried out using stepladders, leading to serious accidents. However, the 
frequency and severity of stepladder accidents are unknown.  
Hence, we carried out a statistical analysis of stepladder accidents and attempted to understand the status of the 
problem in Japan. 
2. Methods 
2.1. Subject data 
In Japan, employers are obliged to report to the Labor Standards Inspection Office in case of occupational 
accidents leading to death or leave of absence. Casualty reports are categorized into two types: one for leave of 
absence for less than four days and the other for four days or more. In our study, we studied 34,195 samples 
randomly selected from the casualty reports for leave of absence for four days or more in 2006; the data were 
provided by the Ministry of Health, Labor and Welfare. Since the total number of reports in that year was 134,298, 
the extraction rate of the subject data was about 25.5%. 
2.2. Extraction of number of stepladder accidents 
We carried out a match retrieval on the “situation and cause of accident” section of the reports using words 
related to “stepladder,” to obtain the extracted cases as our first extraction result. We removed words related to 
“scaffold” and “stepstool” from the search words. We then carefully read the description of each accident, and from 
the first extraction results, we eliminated reports of the accidents that were not directly caused by stepladders; for 
example, we eliminated the report of an accident in which a worker slipped on a floor, fell, and got injured by hitting 
a stepladder on the floor. We defined the number of accident samples thus collected as the number of stepladder 
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accidents. We divided this value by the extraction rate of the subject data to estimate the total estimated occurrence 
(TEO) in 2006. We assumed the confidence interval of 95% (95%CI) for the estimated number of occurrence. 
Next, in order to calculate the ratio of the number of stepladder accidents to the total number of occupational 
accidents, we divided the estimated total number of accidents by the number of reports of leave of absence for four 
days or more, and defined the ratio as the occurrence rate of stepladder accidents. We also calculated the incident 
rate per thousand workers (IR), shown in Equation 1, using the total estimated occurrence and annual average 
number of workers (AAN). 
000,1u 
AAN
TEO
IR  (1) 
2.3. Analysis of severity 
In Japan, data related to the type of accident and experience and age of the worker are collected based on the 
reports of worker casualties.  In this study, we collected information on the type of accidents, injuries, injured parts, 
and the number of days of absence in order to understand the severity of stepladder accidents. The types of accidents 
include falls from elevated places, level falls, collisions attributed to human movements, collisions attributed to 
movements of objects, collisions with flying objects, collapse of scaffolds, getting wedged or stuck in machines, 
cuts by sharp objects, rubbing against sharp objects, piercing by nails, drowning, contact with hot or cold objects, 
contact with harmful substances, electrical shocks, explosions, bursting of objects such as containers, fire, and traffic 
accidents. 
2.4. Situations and causes of accidents 
We analyzed the situations and causes of the accidents in order to understand correctly how the events leading to 
occupational accidents occurred and to use the knowledge for preventative actions.  
We defined the state of standing on a stepladder to be “on stepladder” and the states of ascending and descending 
the “ascending” and “descending” states, respectively. We classified the movement from a stepladder to a higher 
position such as to the roof as “transfer” and the movement involved in carrying a stepladder as “transport.” 
Situations that could not be classified into the above groups were simply classified as “others.” 
Further, we categorized the cause of accidents as “lost of balance,” “jump down,” “slippery or unstable 
stepladder,” “stumbling or slipping,” and “misplacement of feet”; we categorized the reports that could not be 
explained as “others.”  
3. Results 
3.1. Number of stepladder accidents 
In Table 1, we list the extracted number of stepladder accidents and the total estimated occurrences in 2006. 
Through the analysis, we extracted 992 cases of stepladder accidents, six of which were fatal. Of the extracted 
accidents, 881 accidents (88.8%) involved male workers and 111 accidents (11.2%), female workers. The total 
estimated occurrence was 3,896 (95% CI: 3,657–4,135), and the estimated number of fatal cases was 24. 
The construction industry, accounting for 50.4% of stepladder accidents for male workers, was major industry 
with regard such accidents involving male workers.  In the case of female workers, the commerce industry was 
dominant, accounting for 34.2% of the total stepladder accidents involving female workers. For both sexes together, 
the construction industry accounted for 45.5%; the manufacturing industry, 15.5%; and the commerce industry, 
12.3% of the total number of stepladder accidents. 
Table 2 lists the number of occupational accidents, the number of employed workers, the occurrence rate of 
stepladder accidents, and the annual incident rate per thousand workers. The annual occurrence rate per thousand 
workers was 0.061 in total—0.093 for male workers and 0.017 for female workers. For the construction industry, the 
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rate was remarkably high—(0.358) for male workers—compared to that of other industries. For the agriculture and 
forestry industry, the rate was 0.018 for female workers. 
Table 1. The extracted number of stepladder accidents and its estimated occurrences in 2006 (the number in the parentheses is the 
number of fatal accidents). 
Industry type 
Number of extracted stepladder accidents (cases) Annual estimated occurrences (cases) 
Male Female Total Male Female Total 
Agriculture/Forestry 25 5 30 98 20 118 
Manufacturing 142 (1) 12 154 (1) 558 (4) 47 605 (4) 
Construction 444 (2) 7 451 (2) 1,744 (8) 27 1,771 (8) 
Tertiary industries 270 87 357 1,060 342 1,402 
Transport/Traffic 39 0 39 153 0 153 
Commerce 84 (2) 38 122 (2) 330 (8) 149 479 (8) 
Sanitation 6 (1) 10 16 (1) 24 (4) 39 63 (4) 
Customer service 37 12 49 145 47 192 
Cleaning/Slaughter 51 19 70 200 75 275 
Others 53 8 61 169 8 177 
Total 881 (6) 111 992 (6) 3,460 (24) 436 3,896 (24) 
Table 2. The number of occupational accidents, the number of employed workers, the occurrence rate of stepladder accidents, and 
the annual occurrence rate per thousand workers. 
Industry type 
Occurrence 
(cases) 
Number of employees 
(10,00) 
Occurrence rate 
(%) Annual rate per thousand 
Total Male Female Total Total Male Female Total 
Agriculture/Forestry 3,095 142 108 250 3.8 0.069 0.018 0.047 
Manufacturing 36,670 788 373 1,161 1.7 0.071 0.013 0.052 
Construction 22,386 478 82 559 7.9 0.358 0.007 0.317 
Tertiary industries 50,688 2,304 2,085 4,389 2.8 0.046 0.016 0.028 
 Transport/Traffic 17,740 - - - 0.9 - - - 
 Commerce 3,095 - - - 2.8 - - - 
 Sanitation 16,987 - - - 0.9 - - - 
 Customer service 7,061 - - - 2.3 - - - 
 Cleaning/Slaughter 8,211 - - - 4.4 - - - 
Others 15,950 - - - 1.1 - - - 
Total 134,298 3,730 2,652 6,382 2.9 0.093 0.017 0.061 
3.2. Severity 
Fig. 2 (a) shows the details of the injuries; 68.6% of the victims of stepladder accidents suffered bone fracture; 
16.2%, contusion; and 10.2%, joint injuries. These three types of injuries made up 95% of all the injuries. All the six 
fatal accidents were due to contusion. 
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(a)   (b)  
Fig. 2. (a) Details of the injuries and (b) the days of absence. 
Fig. 2 (b) shows the number of days of absence. The most frequent case was 31 to 60 days of absence (29.2%), 
followed by 8 to 30 days of absence (27.4%). We found that 64.9% of all victims had to take leave of absence for a 
month or more. 
3.3. Profiles of victims 
Fig. 3 (a) shows the ages of the victims. Most victims belonged to the age group 55–59 (15.8%), followed by 50–
54 (12.2%), and 60–64 (11.7%). Thus, accidents involving elderly workers of age 50 or more accounted for 50.5 % 
of the total number of accidents. 
An age-wise comparison shows that 12 % of the victims were in their 20's, 17% in 30's, and 20% in 40's, 
indicating that the number of accidents increases gradually with age. 
Three of the fatal accidents were of workers aged between 60 and 64, and two deaths were of workers aged 
between 55 and 59, indicating the concentration of fatal accidents among elderly workers. 
Fig. 3 (b) shows the years of experience of the workers. Based on this result, we found that the group with most 
victims was that of workers with experience of 20 years or more (27.6%), followed by the group of workers with 
experience of 1 year or less (18.4%). Three of the deaths were of workers with experience of 20 years or more, and 
two were of workers with experience of 1 year or less. We also found that the average accident occurrence rate for 
workers with experience of one year or less (18.4%) was higher than that for those in their second year in the line of 
work (7.1%). 
 
(a)   (b)  
Fig. 3. (a) Ages of victims and (b) years of experience of victims. 
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Fig. 4. (a) Accident situations and (b) causes of accidents. 
3.4. Case of accidents 
Fig. 4 (a) shows the situations of the accidents. We found that accidents were most frequent when the workers 
were standing on stepladders (70.4%). Accidents when descending made up 19.4% of the total, and this is higher 
than the number of accidents when ascending (7.9%). Of the fatal accidents, six occurred when the workers were on 
the stepladder and one occurred when the worker was ascending. In every industry, the accidents that occurred when 
the workers were on stepladder made up more than 60% of the total accidents. 
Fig. 4 (b) shows the causes of accidents. The results indicate that most accidents were due to loss of balance 
(35.0%). This was followed by slipping, stumbling and misplacing feet (30.3%), and by slipping and collapsing of 
stepladders (16.8%). Of the accidents, 4.3% were due to the workers jumping off from the stepladders following 
loss of balance, and 1.2% was due to intentional jumping off from the stepladders. 
4. Discussions 
4.1. Number of stepladder accidents and their severity 
The analysis of 992 stepladder accidents showed that at least 86% of them involved falling. Based on this value, 
we estimated the occurrences of falls from stepladder accidents to be 3,351. This was 13.9% of the number of falling 
accidents in the same year (24,029), indicating that the stepladder is one of the major cause of falling accidents.  
Frequent accidents occurred in the construction industry (45%), followed by the manufacturing industry and the 
commerce industry in order. In the construction industry, the incident rate per thousand workers was also 
remarkably higher than in other industries. The occurrence rate of stepladder accidents increased in the following 
order: the construction industry, cleaning works, slaughter works, and the agriculture and forestry industry. Cleaning 
and slaughter works, which had lower number of accidents than the manufacturing and commerce industries, ranked 
higher in terms of the occurrence rate. The industries with higher occurrence rates presumably involve frequent 
tasks with stepladders (for example, interior finishing and equipment repairs in the construction industry, cleaning of 
windows and ceilings in cleaning works, and harvesting fruits in the agriculture and forestry industry [5]).  
With regard the injuries, bone fracture attributed to 70% of the injuries. Most of the fractures were injured in the 
upper and lower limbs. Owing to the injuries, 65% of the victims had to take leave of absence for 31 days or more. 
Based on this result, we conclude that more than half of the stepladder accidents can lead to severe injuries that 
require absence for more than a month. 
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4.2. Sex, age, and experience 
In all the industries, the occurrence rate per thousand workers was higher than in the case of female workers, 
suggesting that male workers are more prone to stepladder accidents than female workers. A possible reason for this 
fact would be that male workers work with stepladders more frequently than female workers.  However, accident 
risk can be higher for female workers. This may be because the average height of female workers is less than that of 
male workers, and hence, female workers generally need to climb to a higher level and stretch their arms. Hence, it 
is important to choose stepladders with height appropriate for workers to minimize the extension of their bodies. 
The fact that many workers with experience of one year or less of were involved in accidents suggests that the 
risk becomes high in any industry if the experience or knowledge about safety is insufficient. It is, thus, important to 
appropriately educate new workers about safety. 
4.3. Accident situations and causes 
We found that most of the stepladder accidents occurred when the workers were standing on the stepladders, and 
more accidents occurred while descending stepladders than while ascending.  
The reason behind the frequent accidents may be the incorrect use of stepladders because of constraints related to 
the working space, locations of the equipment to be checked, and floor conditions. Moreover, the accident risk is 
also affected by the types of stepladders, feet placement, change in the displacement of the center of mass upon 
extension of arms, and worker's balance depending on the heights of the ladder levels and the direction of the 
extended arms [6,7]. Further, the number of ascending and descending tasks probably increased when the work 
involved frequent movement of stepladders for purposes such as inspection of facility equipment, as a result of 
which, more accidents occurred while ascending. 
The most frequent cause of accident was loss of balance or collapsing of the stepladder. Slipping of foot and 
stumbling and misplacing foot are considered to happen mainly when ascending and descending the stepladder. 
5. Conclusions 
This study estimated stepladder accidents in 2006 at 3,896 (24 fatal accidents, 95%CI: 3,657–4,135), representing 
2.9% (95%CI: 2.9–3.1) of all industrial accidents. The results indicate that individuals who fall from stepladders 
most frequently suffered from fracture (68.6%) or contusion (16.2%). Further, 65.5% of all the victims took more 
than a month’s leave of absence. The high severity of injuries of the victims of stepladder accidents indicates that 
there is a need for rapid disaster prevention planning. Further investigation of the working methods involving 
stepladders and their risk evaluation is necessary. 
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